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Abstract

Project Code: MRG60806143

Project Title: Genetic variation and genetic structure of Southern Thai indigenous
pig populations based on DNA sequences analyses of DNA
barcoding marker and InDel DNA markers

Investigator: Pitchayanipa Phonphanich, Ph. D.
Professor Monchai Duangjinda, Ph. D.

E-mail Address: pitchayanipa.k@psu.ac.th

Project Period: 2 years (3" April 2017 — 3™ April 2019)

The evaluation of genetic variation and genetic structure of Thai indigenous pig
populations is very important for conservation genetic of local pig breeds and suitable
for development breeding programs. In this study, DNA barcoding with the mitochondrial
cytochrome oxidase | gene (COJ/) was used to identify southern Thai indigenous pig
populations and the genetic diversity and genetic structure of Thai indigenous pig
populations from Surat Thani, Nakhonsi Thammarat, Phang Nga, Trang, Phatthalung,
Songkhla, Pattani and Sakon Nakhon, Exotic purebred pigs and Crossbred pigs were
examined by using 14 functional insertion/deletion (InDels) markers. The analysis of
COI gene sequence showed that specific 5 haplotypes in southern Thai indigenous pig
populations. A phylogenetic tree was constructed from genetic distance determination
according to neighbor-joining tree, revealed that southern Thai indigenous pig
populations from seven provinces were clustered together. At the 14 InDels loci, with an
average of percentage polymorphic loci for all pig populations were 75.60+ 4.93 %, and
the average observed heterozygosities (H,) and expected heterozygosities (H.) ranged
from 0.205 to 0.263 and 0.239 to 0.381, respectively. The Fixation index ranged from -
0.003-0.265 among populations. A neighbor-joining (NJ) tree, principal component
analysis (PCA) revealed that Southern Thai indigenous pig and Northeast Thai
indigenous pigs were genetically close, while Thai indigenous pigs were distant from the
exotic purebred pig and crossbred pigs. STRUCTURE analysis clearly showed the
genetic differentiation of Southern Thai indigenous, Northeast Thai indigenous pigs,

exotic purebred pig and crossbred pigs was assigned into two cluster (K=2).

Keywords: Thai indigenous pig, DNA barcode , InDels marker
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Table 1 Pig breeds and NCBI GenBank accession numbers 1
Table 2 Locations and number of southern Thai indigenous pig used in

this study 5
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locus, averaged among all the breeds 14
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Figure 1 The coat color patterns of Southern Thai indigenous pig. (a) black

spotting pig and black with white clolor on the feet and belly pig

(b) all-black pig 6
Figure 2 Phylogenetic tree of the COI region of porcine mtDNA sequence

constructed by Neighbor-Joining (NJ) method using MEGA 7 software. Five

haplotypes observed in Thai indigenous pig are indicated by circle. Also,

European pig breeds and Asian pig breeds sequences were used for

construction of the phylogenetic tree 11
Figure 3 Clustering analysis by structure for the full loci data set assuming K =2-5 17
Figure 4 The Bootstrap neighbor-joining tree based on Nei’'s genetic distance 18

Figure 5 Principal component analysis results 19
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ANNFNNUINIEIBIRaanY insiiudlediafaagnianifuifaadiuTiimusiae
USu1a3 10 ml dfean laldluraaaiuidaa 1uia 15 ml Na1slasnuwnisudinlzad
\§a@ (EDTA) 0.5 mM 130193 1000 pl uaziiusiadniiaagnsluaiussgiiudingsan
wn i luiufigaumnd 4 °c uazihlusnadiaue lasanadidualasld E.Z.N.A® Blood
DNA Mini 3nnsusinldasiamaudae Agarose gel electrophoresis Lazi38319ANNLTNTH
A &
ALauLe
3.1.2 MIANLTINBEIWUENITUAILINATLA Polymerase Chain
Reaction (PCR) lasldinafindiduiaunslaa
W3lulindadwiananale bU¥InSIANYSN 1 MEuaIuH% Cytochrome  C
Oxidase subunit | (CO/) lagtinnisaanuuylnsinad cor angudayadiautagniain
GenBank (accession number: AF034253.1) laslsldsunsy Primer Blast program U
Vu'lesd http://www.ncbi.nim.nih.gov/tools/primer-blast/ 'lwsiuas COl Usznaudie F:5-
GGGCTCACCACATATTCACC-3' 1har R:5 GGAGGAGGACATCCGTGTAG-3 1¥1% 533
bp N3xUIUNII PCR udazUisendsenaudin@iduia 1306 10 ng, Primer 818z 5
pmol, 10X Tagq buffer U30163 10 pl, 25 mM MgCl, J30167 4 pl, 1mM dNTPs U3u1e3 5
ul Law o Tag DNA polymerase 0.5 unit wazt@niin (Sterile water) A LaUSu1asndnaa
50 ul NawL°1T’1<9T’JUﬂ”%LLﬁ%ﬁﬁ"Lﬂiﬁ%Lﬂ%@dLﬂwﬁmmmiw‘"ugﬂﬁw (Polymerase Chain
Reaction Machine (PCR Machine) in3=ua%n1399% Denaturation ﬁqm%qﬁ 94 °C 1Jw
1181 30 AU @NDA Annealing 62°C 1180 30 A7 Extension Ngannil 72 °C
niian 30 Twf 1w 35 38U 1NUALEIY Final extension Ngmnnd 72 °C 1w
181 5 W @3FOUNIIUIINYVBIALAULOUAZIUINTDIALOULBAIL 2% Agarose gel
electrophoresis uazganeefgan Gel star
a 6 o @ A a 6
3.1.3 MIATZARALAIAELE Ina
¥}1 PCR product 7 basdludiasnehndnauiinaalalndnusen First BASE
. & o o v =) Af
Laboratories Sdn Bhd dszinauniaeide 49 PCR product Qﬂ%’]&ﬂ“ﬂ’ll%ﬂiq“nﬁ
(purification) $283% Gel extraction 3nuKIN MU zRwdeLws lasltinIas Applied



Biosystems 3730XL Genetic Analyzer (Applied Biosystems, USA) LA 1t BigDye®
Terminator v3.1 cycle sequencing kit

3.1.4 MYNATEWTBYA

ﬁ,ﬁagaﬁm"’uﬁ’mﬁiavlmﬁﬁmam”’;asmqmﬁ?mﬁaa"lﬂmmzaﬁm“’uﬁayjaﬁl,ﬁmamaa
gnimonuiang g laoldTayaangutoys GenBank (Table 1) in1saTiamavuaz
Wisuiisudrauiiandlalng (Alignment) 9a8lUs5unsy CLUSTAL MUSCLE (Edgar,
2004) NUHYIINTTEIN9 Phylogenetic tree #7835 Neighbor-joining lasld1dsunsy
MEGA?7 (Kumar et al., 2016)

Table 1 Pig breeds and NCBI GenBank accession numbers

Breeds Accession number Reference
WB-Vietnam EF545572.1 Unpublished
WB-Hainan EF545572.1 Wu et al. (2016)
Dahe GQ220329.1 Unpublished
Mong Cai KU556691.1 Nhien et al. (2016)
Meishan KM998967.1 Ran et al. (2014)
Landrace AF034253.1 Lin (1997)

Bershire AY574045.1 Cho (2004)

Large white AF486874.1 Yang et al. (2002)
KC250275.1 Zhao and Yu (2012)

Duroc AY337045.1 Cho (2013)
AF486858.1 Yang et al. (2002)

Hampshire AY574046.1 Unpublished

Pietrain KC469587.1 Yu et al. (2013)

Iberian FJ236994.1 Unpublished

3.2 "3Lﬂ‘nzﬁmwwmnwmﬂmaﬁ'%qn‘s‘m Tﬂ‘saa%ﬁaﬁuqn‘s‘m uazm‘s{fﬂna;uma
Y] qy = = p=1 Y] ) € Y1 ®
wuqnswmaaqnswmuaﬂwsuJianmﬂunuqnsmﬂwuﬁqtmmaﬂszmﬁ (a3
¢ ¢ < & {
LARALIT WAZATID 1IT) UAZHNIANNEN Taaldfianiata5asnag InDel
3.2.1 MBHNILATANIRNAALA LD
\ & @ . A o & A o & A
guLiual0619LR00gNT ﬂs:ﬂaummqﬂiwumaomﬂlm gnifuiiainie
Az UBANLALIL AR qmw”mjuﬁmamiﬁﬁ (gﬁaﬂ WAUALIT LATANTI L) WAZENIYNHE

FIUWIW 259 6 T,@quﬁ'mﬁaamaléfﬁwmsaﬁmﬁmﬁaahomnqmﬁt,ﬁmﬁmmﬁuﬁ



=)

maldaanuuludaniagneg i uasaisssuns Wi uaznsed uazuSanald
AOUAIIUIINIA @39 §IUA1 wazdaanil (Table 2) ANHIENNTUIIWINGIVBIFNT
& A @ 3 ' & @ ' & A o A = o ')
wwdasmald (Figure 1) guifivdmadngninuilasnaazineanidounila andanda
o o ' o 6 Yo I [ 6 (5
FNAUAT 1UI% 30 AIBIWFNIMLWUTUTAUIING (958A 20 67 uAUGLTT 31 @)
a159 111 32 6) wazgnIgNNEN (938A 62.5% uaziduuass 37.5% (CB)) 1w 30 6

Table 2 Locations and number of southern Thai indigenous pig used in this study

1Y
o

f1au FUAUINA W% (60)
1 8. Avsgitaw 3. gnupinil 6
2 8. WITU 2§71 il 2
3 8. AN 2. gy ini 5
4 0. thuayu 9. gnuginid 6
5 8. Y9 3. UNIAITIINTIT 14
6 8. 13849 2. WAIFIDITNID 5
7 8. ABENT 3. WATAIDIININTY 1
8 8. IWINTOL 2. UATAITTINTY 6
9 9. WIRNAT 3. WATAIBITNID 1
10 8. 1Bo7lnn) 9. wAIFIDIINNT 2
11 8. ¥ N7 2. WATFITITNID 5
12 8. Wiu 2. uATAITIINNT 7
13 8. MULRN9 2. W 9
14 0. azfath 2. Wi 6
15 9. 1UWB 9. N34 5
16 0. witanaas 9. n3zdl 3
17 9. S 9. nxd) 1
18 9. WIL8aa 2. 39 12
19 8. w1alng 9. 79287 17
20 8. RNIWIE 2. RITAN 2
21 0. Tanlwg 9. Uaef 2

RIeEY 117




I@ﬂsl,umzumumnﬁm”’msmawﬁﬂLﬁmmstﬁuéﬁaziwqmﬁﬁmmé’uw‘”uﬁ(ma
suliaant inmaiiumaiaiiaagnsnniduiaadusnadnediunas 10 ml idaa
flaldlunaoafividon awe 15 m Adanstesnwmsudenivadiian (EDTA) 0.5 mM
U3uas 1000 i ildanadiduie lasldya EZN.A® Blood DNA Mini nsiwsin 1y

A72980LA28 Agarose gel electrophoresis Lazla899ANNLTUTUALEWLE

Figure 1 The coat color patterns of Southern Thai indigenous pig. (a) black spotting pig
and black with white clolor on the feet and belly pig and (b) all-black pig

3.2.2 MIRULTIN I IWUENITNABINATa Polymerase Chain Reaction (PCR)
LLazmwaaugﬂLLuuﬁuﬁw Agarose gel electrophoresis

AT A _ 6a & A o Ve o A a 2 A & A = A

Aulindaduwananale i ldiRndSinaduauadaualudiduiaiasnang InDel
F1mI% 14 §u #2835 PCR (Table3) usdaziisentlsznauais @Loutoasen 10 ng, Tws
\was forward waz LWILuas reverse NHANNENTUINTLNETAL 5 pmol , 10X Taq buffer
US11as 1 pl, 25 mM MgCl, Y3815 0.8 pl, 10mM dNTPs 1U3u1a5 1 pl waztawloy Tag
DNA polymerase 0.5 unit W@AN#LAUSIN@5ATY 10 pl et denn sdeIes PCR
lasiwualiudazdjisen (Sudon13vi1 Denaturation Mgmndl 94 °C 1duiaa 30
AN ganadl annealing 60-62°C Llulaan 30 3w Extension Nigmsnndl 72 °C iluiam
30 Tl $1man 35 78U NUGad Final extension Ngamnni 72 °C iflwan 5 wif
@Iiaﬁlaaur}’liﬂi’mgmadﬁﬁmaLLazmm@ma\‘laLSuLaﬁ’Jzl 3% Agarose gel electrophoresis

@ v Aw A o o= A &

waraNAILREDY Gel star LNOLUUNNNILUIINYVBIVUIAALEULE

3.2.3 MTAATIZAANUANINAAIENWHUTNTIY

v a o & A o @ A A &

EﬂLLUUﬂﬂﬂﬂl%ﬁ!ﬂiW%‘q@]’N 9N LHIINATIIROUAILLATDINUNBALELD InDels
o o a & 4 A o a ' AX o .
Fuau 14 Iala gniandienzddianaivesdada duannalslalngadane (He) 1
wannalsbalndaananrung (H,) fin Percentage Polymorphic loci 1 Fixation index (F)
@1 inbreeding coefficient (Fs) WAz f1 degree of genetic differentiation among

populations (Fgst) ¢alUsunIN GenAlEx 6.51 (Peakall and Smouse, 2012)



Table 3 List of 14 functional InDels marker used in this study

Gene' SSC Primer sequence (5' to 3') Size (bp)a Reference

FSHB 2 F:CCTTTAAGACATCAATGGCA 460 or 168 bp Ren et al. (2013)
R:AGTGGTTTTTCCTTCCTTTTC

DGAT2 4 F: AGTGTGGATGTGGAGAAGGG 133 or 120 bp Zang et al. (2016)
R:ACAAATACACGAGCCTGAGG

Oct4 6 F:CTTCCACTTGGCTACTTCTTT 344 or 322 bp Ren et al. (2017)
R:GCTGTGGCATAGGTTTGAT

MMP2 6 F:TTGACGACGATGAGCTGTG 415 or 392 bp Huang et al. (2009)
R:TCGAAGTTGTAGGTGGTGGA

GPX-5 7 F:TAGACACGTCACTTCACCTCC 630 or 110 bp Mackowski et al. (2014)
R:GGGAGTAAGCATTTTCTCTGTG

VRNT 7 F:GGCAGGGAAGGTGTTTGTTA 411 or 120 bp Polasik et al. (2018)
R:GACTGGCCTCTGTCCCTTG

KIT 8 F:GTAAGGCCCAGATGTTCTTCCT 538 or 524 bp Klomtong et al. (2015)
R:CAACCGGACCTACTGAAATGAC

ucP2 9 F:CAGAGGGGATGGGACGTGTC 266 or 250 bp Yanhua et al. (2007)
R:CTCTGAAGCAAGCCCCCTCC

POU1F1 13 F:CATTCCCATTCTGCCATT TG 1091 or 778 bp Song et al. (2007)
R:CCTGTTGCTGTGTTTCCCAG

MUC13 13 F:TTCTACTCTGATTCCACATCACG 151 or 83 bp Ren et al. (2013)
R:TGGTCATGTCTAGGACTCTTTGAG

Mx1 13 F:AAGCGCATCTCCAGCCACATC 611 or 600 bp Sumantri et al. (2001)
R:TGACCCTTCTATGATGCTATG

FGFR2 14 F:GATTTAGCCGCCAGAAATGTT 1000 or 750 bp Aldenhoven et al. (2007)
R:GTACACGCGATCAAAAAGGG

INHA 15 F:CCCGTGTCCTCACGGATACCAGT 663 or 380 bp Li et al. (2016)
R:GTGCTGGGACGGCCGGAATAC

SPEF2 16 F:GGCAATATCAAGGTCTTTCCA 421 or 354 bp Chen et al. (2007)

R1:GGCAATATCAAGGTCTTTCCA

R2:GCAGGAGAGGAGAATGACCA

' POU1F1= POU Class 1 Homeobox 1; DGAT2= Diacylglycerol O-Acyltransferase 2; FGFR2=
Fibroblast growth factor receptor 2; VRNT= Vertnin; UCP2= Uncoupling Protein 2; FSHB= Follitropin
subunit beta; SPFE2= sperm flagella 2; OCT4= Octamer-binding transcription factor-4; GPX-5=
Glutathione peroxidase 5; INHA= Inhibin Subunit Alpha; MUC13= Mucin 13; Mx7= MX Dynamin Like

GTPase 1; MMP2= Matrix Metalloproteinase 2; KIT= V-kit Hardy-Zuckerman 4 feline sarcoma viral

oncogene homolog



3.2.4 ms’imsw:ﬂmoa%”ﬂoﬂsz"mﬂil,l,azﬂﬁﬁ]”@mjwmaw”m;ﬂ‘ssu
iayjagmmuﬁiuvlmjﬁwuw%ma ﬁmﬁm‘m:ﬁ@hszﬂ:ﬁﬁomaw‘”uﬁqmm (Genetic
distance, Da ) (Nei et al., 1983) szmwﬂ‘szmﬂsqmﬁ% 12 N§W NNUIENAN Da 32909
ﬂszmmmé‘@mjwuﬁaUmﬁms’]:ﬁ Neighbor-joining La2&319 Neighbor-joining tree L@
LLammmé’uw“’uﬁmow”ugﬂﬁm:ijﬂsmmtI@mlﬂﬂﬂmmw POPTREE2 Wazn13
":JLﬂT]‘;ﬁHYIaLLm]J (bootstrap analysis) (ﬁhmwﬁy’t 1000) (Takezaki et al. 2009)
@z Principal Coordinate Analysis (PCoA) maaﬂizm’msqmﬂz\i 12 ﬂ&j&l lag
ﬁ’rﬁagaé'aﬁaﬁwuﬁm@ VNI ANIZHEWINIINUENTIN (Genetic distance, Da) W1
11161 Eigenvalue 1a3uni PC1 waz PC2 maaLL@iazmjszzmﬂsma%Nﬂ'i’mlmsm:msl
(Scattered plot) 617 o115UNTN GenAlEx 6.51 (Peakall and Smouse, 2012) Lﬁauam
m’mé’ww”ufmow”uﬁqmimzwmﬂizmm
iayjaﬁvl,ﬁmnmﬁmﬁ:ﬁﬁ‘[uvl,mjmaaLwia:ﬂiz"mm ‘ﬁgﬂm’maauﬁmﬁlﬁma
LA389MANY InDel $197% 14 1a'les ﬁmﬁmﬂ:ﬁiayaLﬁaﬁﬂwﬂﬂiaa{wamaaﬂs:"mm
gn3 deldsunsu STRUCTURE 2.3.1 (Pritchard et al., 2000) Taprmuadawlaluns
AATzvToYa (parameters  set) G35 BuAANSIMINLTETINT (K) A9 1-10 UeAas
Uszmns K Tdsunsuasiiasnzidnsnuin 2 a3 muuas3udn burn-in 10,000 38U
aNAIY 100,000 iterations MElulAALLL admixture WAZANNFNWWTVOIANNASAES
321119132177 (correlated allele frequencies between populations) %awaa"’wﬁﬁm@mﬁ
dﬁwmuﬂix"mmﬁuw:Lﬂm%m’mwqwﬁuamiugﬂ Bar plot 9 nuuHadilean
11sunsy STRUCTURE 2.3.1 lu3asnzAdadalusunsy Structure Harvester (http://
http://taylorQ.biology.ucla.edu/structureHarvester/) Lﬁiaami’]zﬁﬁi’ﬁuauﬂﬁjwﬂﬂowwutqﬂ‘jiu

2291323113 1a8NIITMIAINAT Deltak §989

a 4
4. HALAZIVIIDANIIANE
41 ANNRAIMANENWAUINTIN  ANNFNRUTININUTNTINUAENITUNgNIALLETDS
maldlasltinafindduauislanag
NANITALATIERANaURInAla InduSmin lulanauasy col lugrsdrauiinila
& \ =2 A A 2o o \ o a1 o
Indasud +1056 919 +1582 bp luqmwuwaamﬂi@mmu 70 @18 WNAN bo
WisuifisuanurannasuazaNLandIINBInIINnugnIseWuielal - gnime
w”uifLaL%mI@Umﬁ'ﬂ‘*ﬁaylaé”’mﬁomﬂ GenBank (Table4) s8/11/5un38 CLUSTAL MUSCLE
A = A o~ A a &a & A v 1A a o o @
WanSsuisudavihadlaindnwulugniiuiiasmaldidsoufisuiusau
fhndlalndang utoys GenBank accession number AF034253.1 wusunwsiiinile
{ ' o ¥ 2o ° R BN ')
Indndanuuandanulugniiuiiissmalddman 10 dunis Safaninasusuuy
Transition 8¢9 lyAANRIAURINR L INANELRIS +C1571 LAZ+C1581 wu%ﬁaww:qm

wwdasmald uazilaWasanlugdvas Haplotype 5149w 9 Haplotype lugnisnowug



zﬂsﬂ WUIHI1U2% 2 Haplotypes ﬂi:ﬂauﬁwgmmu Haplotype E1 uaz E2 gn3gny
WuTlaiTufis1mau 2 Haplotypes 1uwiAnIn% Ao A1 uaz A2 vaicignyiuiiasmaldny
371U2% 5 Haplotypes (Table 4) @311 mﬂwamsmaaamm‘mﬁﬁayjaém”uﬁmﬁia"lﬂﬁ
a = = A A & 6V tg/ o 1
vSnmiululanawads col nIaddutaunsidads N lalun1IsuwnaNNLanaIInig
o . A oA o o & o~ ¢ A @
wWugnIsusznIvgnIuiasnald qﬂsmﬂwuquSﬂLLazqﬂiawslwugl,amﬂ"l@

Table 4 Haplotypes of mtDNA COlI region observed in Thai indigenous pig and other pig

breeds

Nucleotide position

Breeds/Haplotypes
H 1080 1161 1248 1254 1297 1421 1536 1546 1571 1572 1581

European pig breeds

Duroc E1 T Cc Cc Cc Cc G Cc G C T G
Hampshire E2 T C C C C A C G C T G
Landrace E2 T C C C C A C G C T G
Pietrain E2 T C C C C A C G C T G
Large White E2 T C C C C A C G C T G
Iberian E2 T Cc Cc C C A C G C T G
Asian pig breeds

WB-Vietnam A1 Cc T T C C A C G C T G
WB-Hainan A1 Cc T T C C A C G Cc T G
Mong cai A1 Cc T T C C A C G Cc T G
Meishan A1 Cc T T C C A C G Cc T G
Dahe A1 Cc T T C C A C G Cc T G
Berkshire A2 Cc T T C C A A G Cc T G
Thai indigenous pig

TP1 (n=3) TP1 Cc T T C C A C A T C A
TP2 (n=9) TP2 C T T T C A C A T T A
TP3 (n=5) TP3 C T T T C A C G T C A
TP4 (n=12) TP4 C T T C T A C G T T A
TP5 (n=51) TP5 C T T C C A C G T C A

a9 bsAaNy ﬁﬁm’lumiﬁﬂmmm%mﬂ%mﬂﬂwow”uqﬂiiwmaaqﬂiﬁymﬁaa"lmﬂ
lagldayaninusiiuilvasidn Cytochrome b afiTnduazityain 2558 imsdnsiaa
m’m‘mmumaw‘"uqﬂﬁwadqmﬁmﬁaﬂm‘”ﬂm‘”@awmﬁnﬂﬁuﬂwimaum?s cytochrome
b ‘v‘i’lmsém’gﬁ]LLazLﬁuﬁayamaaqmﬁmﬁm $w 21 01 Tussniagsaiud 5 s1ine
ldurn d1nailies azuz anasmanlds Sanfiuaznizuadut andayannuiuulsvain

cytochrome b swnsndangugnsnuilasludiniasszan sonidu 4 ngw udlddaauin
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Ariuriuazaniz (2551) ldAnmANIBaINENENINBENTINTaIgNIA W8 Tu
wanaaz haandodnita 1% 19 @28619 INIINIA FNAKAT AIRSLNY BATWHA
a 6 a ~a o @ A = 6 A ~
ANAINT wazgIuns nmalIouifiudauiiaaileindaasiu Cytochrome b iy
o s v A = & o ' a A & A
Auudyzasmaniindlalng 43 dunis uaziizuuuy Haplotype nugnsdwiiias luiaa
MaazInaanfudnila 31U 9 Haplotype W6 L&IN1IDEN LLuﬂwvu‘gnﬁmm gn3
Audasldudatelsfioudilidnsanunsdnmidn corludszmaniuiiasing
dulaulanauwiass Ccol nIaisunnulasyia bl "aldweunslaa” u cor duiu
Aa x> . Y o A A Ada A & o & A &
nionltnuagiansrndlumsiuunafiovesdalisia adueunsidaadudiduiass
& a A Y v & a o A Ada & o A6
sug iuuTmnduiauaying danuduudseniviiidionsluszduaddduazas
wug dmshanlslunsdnnTiaminis anusuwuiniawugnsy ihaldduananu
\ L% . A AAda A& o A Aa @ | o
UANGINIRUINTINTEATIRIITI0 Guuildadsnionldaiulnguanain corusn
gafidiautanagunlulanawaioluuIiieduyg 15w 16SrRNA 12SrRNA Cyto B uaz D-
loop \Ju@% (Hebert et al. 2003; Alves et al., 2009) 8819 13AAY Orville (2013) AN
L% A« [ n‘» o € a @ 6 ' .
anuruudsrasdiduannildadsludaliassgiazdaignuaylungy Class Mammalia
ludszinafaUdug lasdduaunsidans col aunsaldinuunanuuanddszningad
T TuAEIRINNTIIUBNANULANGITNEAITzRIIFA e uaTaLAT AN W 6
uanand Orville et al. (2013) lANENFILUNAMVUANFNINUTNTTNTERIIGNINUT
uwrikazgnignuaudiediduienildads cormanInlifuunanuuandsvesgnIwug
winidssludszinaRadlduddIouiounugudaysgninuguriaing utoys GenBank
16 namaienzdanudiiuinsiusnIsuveasgniuiilad InsuazgnImowusan g
NIRIN phylogenetic tree o5 neighbor-joining (Figure 2)
ﬁnm‘]’aga Dendrogram mmiml,mmjuqmaamﬁu 2 ﬂﬁiuashd"ﬁ'mw Ao ﬂ@;uﬁ
1 Usznavany qnsamw‘"nfgkﬂ (Hamshire Landrace Pietran Large white Iberian L&z
Duroc)uasngu 2 Usznaueiy gnathialds (WB-Hainan uaz WB-Vietnam) gnawuiiias
\8L%8 (Mong Cai Dahe Uz Meishan) gnsWuSiuainifos (Berkshire) Lazgniwuilas
mald (TP1-TP5) lasgniiuiiiasmaldviinigualatnsgnianiunuiinunaldvas
Uszindlneludmia damdagnuegisnfl uasaiossuns Win uaznszd uazuiiam
maldaausnaludania o33 ssvan wazdaanil gndaaglunduidonu viteraduna
A \ a eaAa v o o A @ o A &
iasannnazeziimandmaainianalnaiu ildlinuefendrewugnisuaindinis
A a A o A ) A A A ! A A A )
lufaanfinialaie awfannaunumeluaiagnd Soauwignanwdasiududu
fiiarasgniiuiiloaniiiusluiue Southeast Asia (Larson et al., 2010)
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Figure 2 Phylogenetic tree of the COI region of porcine mtDNA sequence constructed

by Neighbor-Joining (NJ) method using MEGA 7 software. Five haplotypes observed in
Thai indigenous pig are indicated by circle. Also, European pig breeds and Asian pig

breeds sequences were used for construction of the phylogenetic tree

g A A da oo & A o ° .
I@UqﬂswumaaﬁmwLsu@uu’lml,amsl,uﬂimﬂvlm ﬂaqmwuﬂﬂﬂm (Hainan)
A X o o =< A \ & A v
Fadssnuunluunumaldvasdszinalng adunguainuhgnsnwdesmalddang
va a o H . ai a o & 1 ¥
IndBamenignssunugnath (WB-Hainan) AnuuInmumna wndrdiagnisnauldge
a . o & ¢ A & . o o
2241/321MAT% UAzAN Dendogram WugnIWuBIuainLFes (Berkshire) gninagngy
A o o ! = & oA A @ o o ¢
WeanunugnIthiaiBouazgnaduiiiading anaiasnnmanawiuazUiudanuivas

¢ A €A o A A a 1y
E;miLllaSﬂLmﬂiwﬂ’l‘ﬂ"ﬁqﬂ‘iwuma\‘lﬁ]ui’m(ﬂ’m
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FOAARINLTIEIIWUAY Yu et al. (2013) ﬁﬁﬂmmmé’ww”uﬁmaw”uqmsmao
gnImuWuiagy (qmﬁmﬁaﬁu) LLazqnimﬂw”ufﬂﬂiﬂ @28N1T8314 phylogenetic tree
nndayannuiiulsrasiauiandlainduululaneuiaiodiduis sansndandunis
wWugnIsuvasgnssanidusengy fAa gnImowusiaidy (qﬂsﬁmﬁaﬁu) LAZENTAY
wudglad lasgnawufiveinifosdnagngudeanugnisnewusiaids
4.2 mwwmnnammaﬁ'uqnswI,Laz'[ﬂsm%"mﬂszmn‘maaqnsﬁ”mﬁa\ﬂmﬂu,az
ANINWDUNNINIIAUAZANTYNHE

4.2.1 ANURAINRAINHINRTNITULIZANUULANAWNWABINTIN

mnmsmwaaugﬂLmumaaﬁLSuLaméammn InDels 31%% 14 8% (POU1F1,
FSHB, MUC13, DGAT2, KIT, FGFR2, VRTN, OCT4, MMP2, SPEF2, GPX-5, UCP2,
INHA uas MX71) eaginaiia PCR mmﬁmaaé’aﬁamaaﬂszmmqmwg& 12 NN UEAIAS
Table 5 aai’mvliﬁmuLfial,l,ﬂdmwﬁﬁﬁmmﬁummsmmomjuﬁuaaﬂ"l@ﬁflu 4 ngy Aa
nguiuniniiizanseiyidula (POU1F1, DGAT2, FGFR2, VRTN uaz UCP2) ngy
SuiAodesiuszuuFUWUS (FSHB, SPEF2, OCT4, GPX-5 uaz INHA ) nguiutizadas
Auszuundeunn (MUC13 MX1 uaz MMP2) LLazﬁuﬁmquﬁmu (KIT)

n@;uﬁ'uﬁlﬁmﬁadﬂ”un’mﬁtyLﬁuIW(POU1F1, DGAT2, FGFR2, VRTN ua¢
UCP2) wuawfiwasiiu POUTF1, DGAT2 uaz UCP2 lusaia L lungugnanugurinig
miﬂ”wLLa:qmgﬂNaugandﬂumjuqmﬁmﬁaﬂﬂal LL@ia:LﬁuvlﬁdﬂqniQﬂNamzﬁmwﬁu
wsnariugnrudesniingugnIwuiurinianiidn Bu FGFR2 uaz VRTN wWuAW
anuasaas L 1umjuqmﬁfmﬁaﬂﬂﬂgaﬂdﬁmjuqmw"’ufuﬁmamiﬁ’]LLa:qmgﬂNmJ LL6
aginelsfiany fin FGFR2 1udufiinas insertion 11@ 48 bp 1wuS1ams intron Gﬁaag‘uu
IﬂiIﬂJIGﬁN@;ﬁ 14 (SSC14) SnsiAsanswamvasnsiilaifavasdrsaunluszes
Buu3le (Aldenhoven et al. 2016) &uiu VRTN Lﬂuﬁuﬁaguﬂﬂﬂﬂsﬁu@;ﬁ 7 (SSC7)
laginnns insertion 31434 291 bp dawaiﬁﬂszﬁw%mwmaaé’m&mzmmm:qmmwLf':a
@"hﬂ’jﬁqmﬁvl,&iwumi insertion Nelufn VRTN (Polasik et al., 2018) #aanaadny
é’ﬂum:mﬂLLa:qmmwLﬁaluqniﬁmﬁaﬂﬂﬂﬁﬁﬂi:ﬁw%mweﬁm’hqmmUw"'uijma
NI ﬂﬁjwﬁuﬁﬁmﬁaaﬁmzuuﬁuﬁuﬁ: Usenavldeufin FSHB, SPEF2, OCT4, GPX-
5 ua INHA NaMIAN®Y WUAMNATYW FSHB, SPEF2, GPX-5 uax INHA lusada L lu
ﬂéjuqmw‘"uiﬁ,lﬁmdmiﬁ’]LLazqﬂSQﬂNawgaﬂdﬂumjuqmﬁmﬁaﬂwsl fuu OCT4 &
anuduassans uandnetwludszanms 12 ngu Taswuaudvadsass S gIninan
aa L ﬂq'wﬁmﬁmiaaﬂwmzuunuﬁ@jm”u (MUC13, MX1 uaz MMP2) wuauawesdulu

7
a v A

ﬂéjuﬁwaaa L’Luﬂéjuqmw”ufuﬁmamsﬁ’]LLa:qmgﬂNawgaﬂdﬁlunéuqﬂsﬁuLﬁaﬂwsl
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Table 5 Sample size and allele frequencies for 14 insertion-deletion polymorphisms

(indels) of each population

Population' NS PNG PT SK SN ST TR KB cB DR LR Lw
/Gene Allele® N=46 N=16 N=2 N=15 N=29 N=14 N=12 N=10 N=30 N=20 N=30 N=30
POU1F1 L 0283 0.333 0750 0.133 0569 0.536 0.375 0250 0.783 0475 0.781 0.569
S 0.717 0667 0.250 0.867 0431 0464 0625 0750 0217 0525 0219 0.431
DGAT?2 L 0.106 0.031 0.000 0.000 0.167 0.346 0.042 0.000 0500 0500 0.172 0.333
S 0.894 0969 1.000 1.000 0.833 0654 0958 1.000 0.500 0500 0.828 0.667
FGFR2 L 0.426 0438 1.000 0467 0867 1.000 0667 0500 0.172 0.053 0.594 0.069
S 0.574 0563 0.000 0.533 0.133 0.000 0.333 0500 0.828 0947 0406 0.931
VRNT L 0.543 0.600 1.000 0.577 0241 0250 0583 0750 0.000 0225 0.232 0.167
s 0.457 0400 0.000 0423 0759 0.750 0417 0250 1.000 0775 0.768 0.833
ucp2 L 0.630 0.600 0.000 0.357 0577 0.375 0583 0500 0.000 0667 0.783 0.929
S 0.370 0400 1.000 0.643 0.423 0625 0417 0500 1.000 0333 0217 0.071
FSHB L 0620 0594 1.000 0.767 0857 0.615 0583 0250 0.016 0.000 0.274 0.017
S 0.380 0406 0.000 0.233 0143 0.385 0417 0750 0.984 1.000 0.726 0.983
SPFE2 L 0511 0625 1.000 0.533 0667 0536 0667 0500 0.317 0200 0.500 0.380
S 0489 0375 0000 0467 0333 0464 0333 0500 0.683 0.800 0.500 0.620
OCT4 L 0.181 0.063 0.000 0.179 0.103 0.036 0.083 0.500 0.177 0.325 0217 0.250
S 0.819 0938 1.000 0.821 0897 0964 0917 0500 0.823 0675 0.783 0.750
GPX-5 L 0.883 1.000 1.000 0967 00967 0964 0.958 1.000 0484 0.600 0734 0.633
S 0.117 0.000 0.000 0.033 0.033 0.036 0.042 0000 0516 0400 0.266 0.367
INHA L 0.862 1.000 1.000 1.000 0.638 0.464 1.000 1.000 0.371 0.500 0790 0.552
s 0.138 0.000 0.000 0.000 0.362 0.536 0.000 0.000 0.629 0500 0.210 0.448
MUC13 L 0.053 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.661 0.350 0.094 0.450
s 0.947 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.339 0650 0.906 0.550
Mx1 L 0436 0.344 0500 0367 0569 0500 0292 0.500 0.935 1.000 0710 0.567
s 0.564 0.656 0500 0.633 0.431 0500 0708 0500 0.065 0.000 0.290 0.433
MMP2 L 0.102 0.033 0.000 0.036 0019 0.036 0.000 0000 0500 0417 0.367 0.600
S 0.898 0967 1.000 0.964 0981 0964 1.000 1.000 0500 0583 0.633 0.400
KIT L 0.936 0.906 1.000 0.767 1.000 0929 0.875 0.953 1.000 1.000 1.000 1.000
s 0.064 0.094 0000 0.233 0.000 0.071 0125 0.047 0.000 0.000 0.000 0.000

! DR = Duroc, LW = Large White, LR = Landrace, CB =Crossbred, SN =Sakorn Nakorn, NS =
Nakorn Sri thammarat, SK = Songkhla, ST = Surat Thani, KB =Krabi, PT = Pattani, TR = Trang,

PNG = Phang Nga
2 L = Allele Frequency in Insertion

S = Allele Frequency in Deletion
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indels (POU1F1, FSHB, MUC13, DGAT2, KIT, FGFR2, VRTN, OCT4, MMP2, SPEF2,
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Table 6 Observed heterozygosity (H,), expected heterozygosity (H.), variance of allele
frequencies within accessions (F;), inbreeding coefficient within an individual total
diversity (Fy), variance of allele frequencies among accessions (Fg) by locus, averaged

among all the breeds

Locus' Hy He Fe F, Fy
POU1F1 0.323 0.413 0.217 0.353 0.173
DGAT?2 0.366 0.233 -0.575 -0.224 0.223
FGFR2 0.000 0.304 1.000 1.000 0.391
VRNT 0.349 0.337 -0.033 0.289 0.312
UCP2 0.198 0.193 -0.023 0.228 0.246
FSHB 0.201 0.280 0.281 0.596 0.438
SPFE2 0.275 0.423 0.350 0.447 0.149
oCT4 0.321 0.255 -0.258 -0.105 0.122
GPX-5 0.428 0.355 -0.203 0.145 0.289
INHA 0.191 0.249 0.232 0.468 0.307
MUC13 0.101 0.139 0.274 0.565 0.401
Mx1 0.604 0.403 -0.499 -0.226 0.182
MMP2 0.266 0.196 -0.355 0.083 0.323
KIT 0.133 0.114 -0.173 -0.072 0.086
Al loci 0.268 0.278 0.017 0.253 0.260

' POU1F1= POU Class 1 Homeobox 1; DGAT2= Diacylglycerol O-Acyltransferase 2; FGFR2=
Fibroblast growth factor receptor 2; VRNT= Vertnin; UCP2= Uncoupling Protein 2; FSHB= Follitropin
subunit beta; SPFE2= sperm flagella 2; OCT4= Octamer-binding transcription factor-4; GPX-5=
Glutathione peroxidase 5; INHA= Inhibin Subunit Alpha; MUC13= Mucin 13; Mx7= MX Dynamin Like
GTPase 1; MMP2= Matrix Metalloproteinase 2; KIT= V-kit Hardy-Zuckerman 4 feline sarcoma viral

oncogene homolog
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Table 7 Expected Heterozygosity (He), observed heterozygosity (Ho) and Wright's

fixation indices (F) in all population

Populations Ho He F

Thai indigenous pigs

Surat Thani (ST) 0.251 0.293 0.098
Nakorn Sri thammarat (NS) 0.223 0.333 0.265
Phang Nga (PNG) 0.207 0.265 0.138
Krabi (KB) 0.307 0.259 -0.183
Trang (TR) 0.226 0.269 0.104
Songkhla (SK) 0.223 0.270 0.126
Pattani (PT) 0.107 0.063 -0.667
Sakorn Nakorn (SN) 0.228 0.290 0.178

Commercial pig breeds

Large White (LW) 0.384 0.341 -0.003
Landrace (LR) 0.299 0.350 0.117
Duroc (DR) 0.438 0.327 -0.233
Crossbred (CB) 0.325 0.280 -0.091

v
Aad e

aanmnalslalnGaasng (He) wazetaninalslolngaaianung (H,) va9
A & A o A @ A . \
GLduialATadnany Indels 31u3% 14 Hu uaaiad Table 6 denaflug9 0.101-0.643 uaz
0.0114-0.423 aNNFGU 1 Mx7 dd1 H, §IgALYINAL 0.643 uaz u SPFE2 did1 H,
FIgALYINAL 0.423 ¢ Fiy Henagflugai -0.575 (DGAT2) 9 0.350 (SPFE2) didadn Fi
WL 0.017 61 Fy Adnagfluga4 0.122 (OCT4) fi4 0.438 (FSHB) AAadeiinny 0.260
nugawdnNanNULAna1ITEHIINguY Iz TINg AaLdu 26.0% NARD 74.0% D%
AMULANANITZALTIBEIAN 259 MILUNFUFNING 12 nuMIRNIBNAINITTIA8TH
A v o o & = < X o
netasnunugmanilszmnilunisdnmaisih uaased Table 7
dnaninalslalnBassing (He) uazdianinalylolndaaianuny (Ho) gagany
! v & & A o & & & A A
lungugninusigiea den 0.438 uazgniviganialav e 0.350 Atz dnaninalsls

v

InBagang (He) uazdnaninalslolndaananans (H,) dganulugninuiiiosnaldluy

12 [l
A a

[ o A A = Iy \ ad o
WuNInIaUaenit 61 0.107 wae 0.063 AzAWLAIN Ananinalslolndazang (Hy) was
dnaninalylolndaaanung (Ho) lungugniduiiiosnmald denlndidoaniu daugns
A oA o A A A ad o ,
Aullasmeaaziueandioanitaddrdaninalslolngagane (H,) wazdnanmalsbaln

v

P ' ' A A % A =2 & Aa &
HANNANRNNE (Ho) ﬁzﬂﬂqqﬂqmqﬂiwuLua@ﬂ’]ﬂlm uaﬂ’ﬂ’]ﬂuluﬂ’]iﬂﬂﬂ’]ﬂs@ujLﬂi’]z‘ﬁﬂ’)’]u
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Crossbred pigs Purebred exotic pigs Indigenous pigs
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Figure 3 Clustering analysis by structure for the full loci data set assuming K =2—51.
1DR = Duroc, LW = Large White, LR = Landrace, CB =Crossbred, SN =Sakorn Nakorn,
NS = Nakorn Sri thammarat, SK = Songkhla, ST = Surat Thani, KB =Krabi, PT =
Pattani, TR = Trang, PNG = Phang Nga

AINNITRIN Phylogenetic tree I@ﬂl’ﬁﬁaylaszﬂ:ﬁﬁamaw”uﬁqnimmﬂﬁﬁmaa Nei's
¥ IATITAMEAT Neighbor-joining (NJ) uulUsunss POPTREE2 3zt lainyszans
qﬂsvﬁmm sanvouLdleidu 3 ngy fe gnawusuriniamIduazgnIgnuaa (LR LW
DR WLa2 CB) qﬂsﬁmﬁmmﬂmfuaamﬁmmﬁa (SN) LLazmjuqmﬁuLﬁaamﬂI@T (NS
SK ST KB PT TR uaz PNG) (Figure 4) udatinglsAaaaziiulain qﬂsﬁ?mﬁaamﬂ
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Figure 4 The Bootstrap neighbor-joining tree based on Nei’s genetic distance 1. 1DR =
Duroc, LW = Large White, LR = Landrace, CB =Crossbreed, SN =Sakorn Nakorn, NS =
Nakorn Sri thammarat, SK = Songkhla, ST = Surat Thani, KB =Krabi, PT = Pattani, TR
= Trang, PNG = Phang Nga.
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LA89%ANY InDels 119 14 £ Tapuns Coord1 (53.89%) Uaz LN Coord2 (16.78%) Lilu
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Figure 5 Principal component analysis results1. 1 DR = Duroc, LW = Large White, LR =
Landrace, CB =Crossbred, SN =Sakorn Nakorn, NS = Nakorn Sri thammarat, SK =
Songkhla, ST = Surat Thani, KB =Krabi, PT = Pattani, TR = Trang, PNG = Phang Nga.

5. a3UuanIINABIUAIBLARDLE
MIATIERANUANINRABYINUTNTINUAZANUANA NN TN TN laslE

Ssunslaans wu3LLUL Haplotype ﬁﬁ‘hl,mﬂuqmﬁmﬁaovlm $117 5 Haplotype @9
maﬂﬂﬂlﬂumiw‘“@umLLazagﬁ'ﬂﬁqmﬁmﬁaﬂﬂEJ"L@T FIWNITANEIAMNFNNUTN
WWINTIWAIE Phylogenetic tree LLamlﬁLﬁu’hqmﬁmﬁaﬂuﬁuﬁmﬂlﬁmaaﬂszmﬂvlmmﬁ
anulndBanminignsmugiuazdnaglunguidsdniu InmalienziananaInnaienig
w”ugnsa#uLLa:T,mam‘t”nmm”ugmmﬁaUﬁLSum%iammsl InDels 31%3% 14 H% 111D
ayUldh qﬂsﬁmﬁaovlmﬂﬁ@hta‘nmaIsvl,sﬂﬂs'ﬁ?Tﬂmﬂma LAZAINNITAATITHLATHRINI
pa9uszTInIdnsdanguWunysulasldsunsy Structure 3T PCA plot uazaing

Phylogenetic tree ugasliiiwingugninutiioslunniinaldvasdznalnglaidany



20

' o 2 Ay o A A A 'Y A A v
LANANNNABTNTTN Faanadiduinitainaniasinu I@Uqﬂ‘swumaomﬂlmwmm
1ﬂa”%@ﬂ”uqﬂsﬁmﬁmmﬂmfuaamﬁmmﬁa Lwiﬁmmmesmmawyuqﬂsswashm?’mau
ﬂ”uqﬂswyuﬁjl,l,ﬁmamsﬁflLm:qmgﬂwaw

e laionn MInMudayaiuguwmanusnsnzasgniimdasnaldazsanld

L% %] % 6 s 6 ,&’ A (% uqzl ¥ %%
'mLquwwmﬂiuﬂgawu‘gua:agsﬂwqﬂswumaamﬂl@ ﬂwmmmmﬂlum‘sﬂ‘mﬂga
w“‘uﬁj'l,ﬁmmmmmu I@slmﬁn'mLLNumswaww‘“uﬁ:I@ﬂlﬁqﬂ‘sﬁmﬁamm‘lﬁlﬂumﬂLL&iu,a:

U L 6 o L% 6
Nawmwuwuqﬂuqﬂiaﬁﬂwu‘gqisﬂ

LAaN&1ID 19D

st 7@ Wit o 81179 WRSFIUNT U DUUTURTT. 2551, nIANEIANN
m’m%mmmaw“’u'gnﬁmaaqmﬁmﬁaﬂumﬂmfuaamﬁmmﬁaimmi
Wisuisusauianala lndluaiuidu Cytochrome b WAKNEAT 36:247-253

0AME WIINANM UATIYIIN BRTING. 2558. ANURAINWANUNINUTNTTNVBIFNT
Awdaslusaniassrananinlulanouiads Cytochrome b. 189 1UNN3388970
sutzananesnwitsunaneasngasran dazddsudezano we. 2558

Aldenhoven, J., A. Sptter and O. Dist. 2007. An insertion/deletion in the porcine FGFR2
gene. J. Anim. Breed. Genet. 124:39—41

Alves, E., Al. Fernandez, A. Fernandez-Rodriguez, D. Pérez-Montarelo, R. Benitez, C.
Ovilo, C.Rodriguez and L. Silié. 2009. Identification of mitochondrial markers for
genetic traceability of European wild boars and Iberian and Duroc pigs. Animal
3: 1216-1223

Chaiwatanasin, W., S. Chantsavang, S. Chomchai, N. Sookmanee and S. Tabchareon.

2002. Genetic diversity of native pig in Thailand using microsatellite analysis.
Kasetsart J: Nat Sci. 36: 133-137

Charoensook, R., B. Brenig, K. Gatphayak, S. Taesoongnern and C. Knorr. 2009.
Genetic identity of native pig breeds in northern Thailand evidenced by
microsatellite markers”, Proceedings of International Conference on Research
for Development in Agriculture and Forestry, Food and Natural Resource
Management. Hamburg. Germany.p. 281.

Chaweewan, K., M. Duangjinda, and P. Klomtong. 2014. Genetic diversity of Thai
indigenous pigs using microsatellite markers. Proceedings of the 16th AAAP
Animal Science Congress Vol. Il : 212-215.

Chen, R. S. Yu, F. Ren, X. Y. Lv and C. Y. Pan. 2007 Detection of one large
insertion/deletion (indel) and two novel SNPs within the SPEF2 gene and their

associations with male piglet reproduction traits. Arch. Anim. Breed., 59:275-283



21

Edgar, R. C. 2004. MUSCLE: multiple sequence alignment with high accuracy and high
throughput. Nucleic Acids Res. 32: 1792-1797

Ferri, E., M. Barbuto, O. Bain, A. Galimberti, S. Uni, R. Guerrero, H. Ferté, C. Bandi, C.
Martin and M. Casiraghi. 2009. Integrated taxonomy: traditional approach and
DNAbarcoding for the identification of filarioid worms and related parasites
(Nematoda). Front. Zool. 6(1): 1-12

Hebert, P. D., A. Cywinska, S. L. Ball and J. R. deWaard. 2003. Biological
identifications through DNA barcodes. Proc Biol Sci. 270: 313-321

Hajibabaei, M., D. H. Janzen, J. M. Burns, W. Hallwachs and P. D.N. Hebert. 2006.
DNA barcodes distinguish species of tropical Lepidoptera. Proc. Natl. Acad. Sci.
USA 103:968-971

Klomtong, P., K. Chaweewan, Y. Phasuk and M. Duangjinda. 2015. MC1R, KIT, IGF2,
and NR6A1 as markers for genetic differentiation in Thai native, wild boars, and
Duroc and Chinese Meishan pigs. GMR, 14: 12723-12732

Kumar, S., G. Stecher and K. Tamura. 2016. MEGA7: Molecular evolutionary genetics
analysis Version 7.0 for bigger datasets. Mol. Biol. Evol. 33: 1870-1874

Huang, H., W. Zhao, Z. Tang, S. Yang, Z. Wu, S. Zhao, W.Cui, Y. Mu, M. Ch, and K.
Li.2009. Characterization of porcine MMP-2 and its association with immune
traits. Gene 43:63-71

Larson, G., R.R. Liu, X. Zhao, J. Yuan, D. Fuller, et al. 2010. Patterns of East Asian
pig domestication, migration, and turnover revealed by modern and ancient
DNA. Proc. Natl Acad. Sci USA. 107:7686—-7691

Li, W., S. Chen, H. Li, Z. Liu, Y. Zhao , L. Chen , X. Zhou and C. Li. 2016. A new
insertion/deletion fragment polymorphism of inhibin-O gene associated with
follicular cysts in Large White sows. J Vet Med Sci. 78(3):473-6

Lin, C.S., Y.L. Sun, C.Y. Liu, P.C. Yang, L.C. Chang, I.C. Cheng, S. J. Mao and M.C.
Huang.1999. Complete nucleotide sequence of pig (Sus scrofa) mitochondrial
genome and dating evolutionary divergence within Artiodactyla. Gene. 236:107-
114

Mackowski, M., M. Switonski, J. Mackowska and W. Perz. 2004. Polymorphism of the
GPX-5 gene and characteristics of boar semen. Arch. Tierz., Dummerstorf

47:165-171


https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20W%5BAuthor%5D&cauthor=true&cauthor_uid=26521695
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26521695
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20H%5BAuthor%5D&cauthor=true&cauthor_uid=26521695
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=26521695
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=26521695
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20L%5BAuthor%5D&cauthor=true&cauthor_uid=26521695
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhou%20X%5BAuthor%5D&cauthor=true&cauthor_uid=26521695

22

Maw, A A, T. S,, Riztyan, K. Kawabe, Y. Kawamoto and S. Okamoto. 2012. Genetic
diversity of Myanmar and Indonesia native chickens together with two jungle
fowl species by using 102 Indels polymorphisms. Asian Australas J Anim Sci.
25:927-934
Mills, R.E., C.T. Luttig, C.E. Larkins, A. Beauchamp, C. Tsui, and W.S. Pittard. 2006.
An initial map of insertion and deletion (INDEL) variation in the human genome.
Genome Res 16(9):1182-1190

Nakai, S. 2008. Decision making in the use of diverse combinations of agricultural
products and natural plants in pig feed: A case study of the native pig smallholder
in northern Thailand. Trop. Anim. Health Prod. 40: 201-208

Orville, L. B, J. M. D. Dominguez and F. F Pefalba. 2013. DNA barcoding of domestic
swine breeds and crossbreeds (sus scrofa) in the philippines. Philipp J Vet Anim
Sci. 39: 31-42

Peakall, R. and P. E. Smouse. 2012. GenAlEx 6.5: Genetic analysis in Excel.
Population genetic software for teaching and research-an update. Bioinformatics
28: 2537-2539

Polasik, D., M. Tyra , M. Szyndler-Nedza, A. Korpal, K. Wozniak-Mech and A. Terman.
2018. Relationship between VRTN gene polymorphism and growth, slaughter
and meat quality traits in three polish pig breeds. Ciéncia e Agrotecnologia,
42(5):540-549

Pritchard, J. K., Stephens, M., and Donnelly, P. 2000. Inference of population structure
using multilocus genotype data. Genetics 155: 945— 959

Ren, F., S. Yua, R. Chena, X. Lvb and C. Pana. 2017. Identification of a novel 12-bp
insertion/deletion (indel) ofiPS-related Oct4 gene and its association with
reproductive traits in male piglets. Animal Reproduction Science 178:55—60

Ren, F., S. Yu, X. Zhang, X. Lv, X. Sun and C. Pan. 2017. Relationship between the
insertion/deletion variants of POU1F1,FSHB, and MUC13 and testis
measurement traits in male piglets. The J. Anim. Plant Sci. 27(3)

Sumantri, C., T. Morozumi, and D. N. Hamamshima. 2001. Deteksi delesi dan mutasi
Pada gen MX1 (Gen resistenterhadap virus influensa) Pada Babi
Dengan PCR-RFLP NAR | Restriksi. Jurnal ilmu ternak dan veteriner vol. 6:1

Song, C.-Y., B. Gao, S.-H.Teng, X.-Y. Wang, F. Xie, G.-h. Chen, Z.-Y. Wang, R.-B. Jing
and J.-D. Mao.2007. Polymorphisms in intron 1 of the porcine POU1F1 gene. J

Appl Genet 48(4): 371-374



23

Takezaki, N.; Nei, M. and K. Tamura. 2009. POPTREEZ2: Software for constructing
population trees from allelefrequency data and computing other population
statistics with Windows interface. Mol. Biol. Evol. 27:747—-752

Tran, T.N.T., P. Ni, J. Chen, T.T. Le, K. Steve, J. Han, H. Wang and S. Zhao. 2016.
The complete mitochondrial genome of Mong Cai pig (Sus scrofa) in Vietnam.
Mitochondrial DNA Part B Resour. 1 (1): 226-227

Va'li, U., A, Einarsson , L. Waits and H. Ellegren. 2008. To what extent do microsatellite
markers reflect genome-wide genetic diversity in natural populations? Molecular
Ecology, 17, 3808-3817

Yang, J., J. Wang, J. Kijas, B. Liu, H. Han, M. Yu, H. Yang, S. Zhao and K. Li. 2002.
Genetic diversity present within the near-complete mtDNA genome of17 breeds
of indigenous Chinese pigs. J. Hered. 94: 381-385

Yanhua, L., H. Li, X. Zhao, N. Li and C. Wu. 2007. UCP2 and 3 Deletion Screening and
Distribution in15 Pig Breeds. Biochem Genet. 45:103-11

Wu, G.S,, Y.G. Yao, K. X. Qu, Z.L. Ding, H. Li, M.G. Palanichamy, Z.Y. Duan, N. Li,
Y.S. Chen and Y. P. Zhang. 2013. Population phylogenomic analysis of
mitochondrial DNA in wild boars and domestic pigs revealed multiple
domestication events in East Asia. Genome Biol. 8 (11)

Wang, F. H. Qiu, Q. Zhang, Z. Peng and B. Liu. 2012. Association of two porcine
reproductive and respiratory syndrome virus (PRRSV) receptor genes, CD 163
and SN with immune traits. Mol Biol Rep. 39:3971-3976

Zang,L., Y. Wang, B. Sunb, X. Zhang, C. Yang, L. Kang, Z. Zhao and Y. Jiang. 2016.
Identification of a 13 bp indel polymorphism in the 3'-UTR of DGAT2 gene
associated with backfat thickness and lean percentage in pigs. Gene 576:729—

733



NMANKIN

24



25

Output 31nlassns3venlasunuwan ana.
a a a dl a
1. WaNUARNK NI IN Sz ing msmuaNaaﬁu1uwﬂs:°gua°ﬁﬂﬂﬁs
WIIFD NMITIAENDUAI)
1mm’]aﬂ,umuﬂsz@uﬁmmﬁz@”ummmﬁ
1309 polymorphism of 12-bp insertion/deletion (indel) of ips-related OCT4 gene
. A . . th
in southern Thai indigenous pigs. The 11 IMT-GT UNINET Conference 2018 —

Bioscience for A Sustainable Future Penang, Malaysia, December 11-12, 2018



